Monolayer cultures of primary neonatal rat ventricular cardiomyocytes (NRVCMs) are a frequently employed model to study transcription regulation of cardiac-specific genes like atrial natriuretic factor (anf/ nppa) and α myosin heavy chain (myh6) (1) (2) (3) . However, many of these studies do not incorporate electrical stimulation of cardiomyocytes, though it has been found that prolonged electrical stimulation improves cardiomyocyte morphology and function and that direct electrical pulsing increases transcript levels of cardiacspecific genes (4, 5) .
Currently, in vitro stimulation of cardiomyocytes or engineered cardiac tissue is done using cardiac stimulators like those of Nihon Kohden (Tokyo, Japan) or Ion Optix (Milton, MA, USA), with parameters varying between 2 and 4 ms, 5 and 11 V/cm, and 1 and 3 Hz (6-8). Such apparatuses have disadvantages: they need to be plugged in and their large dimensions make transport to other work areas (e.g., for microscope analysis) cumbersome. Furthermore, the machines normally have to be placed outside of incubators, since they are often not designed for use with high humidity and temperatures. As a result, structural modifications to the incubators may be required for connecting cables to run through door openings, which potentially compromises sterility and culture conditions. We hypothesized that employing cardiac pacemakers normally used for heart patients would solve many of the aforementioned problems. These battery-powered pacemakers are small and are completely closed, so that the whole unit can be ethanolsterilized and placed inside incubators together with the cultures without the need for any modifications. Furthermore, the whole system together with cultures can easily be transported without interruption to the pulsing.
We cultured NRVCMs in commercially available chamber slides that can be used for a wide variety of purposes: live imaging, immunohistochemistry, reporter studies, and a single chamber provides sufficient material for gene expression analysis. Reusable polycarbonate lids were designed to fit the chamber slides and equipped with platinum electrodes running along opposite sides of each chamber. Small air channels in the lids enabled gas exchange (Figure 1 ). The electrode lids were connected to human pacemakers, models Kappa 931 and 401 (Medtronic, Minneapolis, MN, USA). The pacemakers were programmed using a Medtronic Vitatron 9790 programmer to give 7.5 V pulses (corresponding to 4.5 V/cm) with a duration of 1.5 ms at 1 Hz, placing it in the same range as previous publications and resembling the levels required for exciting normal ventricular tissue (7) (8) (9) . New pacemakers and programmers can be costly and may not be a feasible option for all researchers. However, a significant number of devices are explanted for various reasons. These explanted pacemakers can be obtained more cheaply and programmed with the help of cardiologists and may still be able to stimulate for several years.
The protocol employed for cardiomyocyte isolation and culture is a modified version of that described by Radisic et al. (9, 10) . On day 1, hearts were obtained from 0-3 day old Lewis rats locally bred at the animal facility of Maastricht University. The use of animals for this study was evaluated and approved by the institute's animal ethical committee. On day 2, cardiomyocytes were pre-plated for 2 h an subsequently plated at >30,000 cells/cm 2 on plastic (Permanox, Lab-Tek; Nunc, Langenselbold, Germany) chamber slides and incubated overnight in high-serum medium supplemented with 10 µmol/L cytosine arabinoside (Ara-C; Cat. no. C1768; Sigma-Aldrich, St. Louis, MO, USA) to further decrease the number of actively dividing (mostly non-myocyte) cells (11, 12) .
The Permanox chamber slides did not require coating since cardiomyocytes readily adhere to them. The culturing parameters were empirically determined through pilot experiments which revealed that the use of glass-based chamber slides with surface coatings like Histogrip (Invitrogen, Carlsbad, CA, USA) and especially Matrigel (BD Biosciences, San Jose, CA, USA) led to dramatic changes in cardiomyocyte cellular structure and function; cardiomyocytes remained rounded, resulting in diminished intercellular connections and fewer contractions (data not shown). At densities <30,000 cells/cm 2 without electrical Electrical stimulation of primary neonatal rat ventricular cardiomyocytes using pacemakers
The study of gene regulation in cardiac myocytes requires a reliable in vitro model. However, monolayer cultures used for this purpose are typically not exposed to electrical stimulation, though this has been shown to strongly affect cardiomyocyte gene expression. Based on pacemakers for clinical use, we developed an easy-to-use portable system that allows the user to perform electro-stimulation of cardiomyocyte cultures in standard tissue incubators without the need for bulky equipment. In addition, we present a refined protocol for culturing high-purity cardiomyocyte cultures with excellent contractile properties for a wide variety of applications.
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Benchmarks stimulation, the cells displayed no contractions and remained round. Over 50% of these cells died within 2 days of culture, most likely because they were not able to form the connections required for intercellular signaling.
The resulting cultures consisted of >95% cardiomyocytes (purity of cultures can be observed in Figure 2 ). On day 3, the medium was replaced with Ara-C-free high-serum medium since Ara-C was shown to directly interfere with the contractile activity of the cells (data not shown). For transfection studies, cells can be transfected at this time. We obtained reproducible results for luciferase reporter constructs with the transfection reagent Fugene HD (Roche) using the manufacturer's protocols when transfecting cells in high-serum medium. In our studies we employed transfection studies to examine the promoter sequences of cardiac genes. A Myh6 promoter-luciferase reporter construct was transfected into cardiomyocytes which subsequently were electrostimulated ( Figure 2 ). The behavior of the luciferase reporter construct is similar to that of the endogenous Myh6; the activation observed in Figure 2 is believed to be electrical pulse-dependent.
Typical spontaneous contractions normally observed in cardiomyocytes became visible on day 4, in the absence of electrical stimulation. From day 4 onwards, culture medium was refreshed every 24 h with differentiation medium (DMEM, 2% horse serum, 1% HEPES, gentamycin 0.10 mmol/L, Fungizone 0.22 nmol/L) to avoid starvation of the cells. Serum concentration was shown to directly affect formation of sarcomeric structures and contractile activity. This was to be expected since serum levels directly modulate serum response factor, a key cardiac transcription factor (13, 14) . Empirically, we found normal differentiation and frequent spontaneous contractions in stimulated and non-stimulated cultures to be maintained at serum levels of 2% even after several days of culture. The best results for electro-stimulation were obtained when starting stimulation on day 4 together with the first addition of differentiation medium, thereby allowing for a recovery time of several days similar to that previously described (6) .
We present herein a refined protocol for culturing NRVCMs, and a pacemakerbased pulsing system whose inherent characteristics renders it possible to place the whole system inside any standard incubator. This makes it much more convenient to use than conventional pulsing equipment. The electro-stimu- • UV Lenses -Wide Selection of Coatings
• UV Filters -High Transmission OD 6 Rejection • Request your FREE catalog! lated NRVCMs can be used for many applications including reporter assays-an interesting combination that, to our knowledge, has so far remained uninvestigated.
